Aim: To analyze the influence of ethnicity, body mass index (BMI) and gestational diabetes (GDM) severity on abnormal glucose metabolism at the early postpartum.
Introduction
Gestational diabetes (GDM) is considered as a precursor of type 2 diabetes (T2DM) that is first identified during pregnancy. Up to 60% of GDM mothers will develop T2DM at 5-10 years after delivery [1] . This risk was 7.5-fold increased in women with previous GDM at a variable follow-up time, as compared to women with normal glucose tolerance pregnancies, in a meta-analysis of observational studies [2] .
Obesity is the main predisposing factor to GDM and T2DM. Beyond pregnancy, O'Sullivan [3] described that obesity markedly enhanced the proclivity to T2DM at the postpartum of GDM women. The link between obesity, GDM and T2DM is a situation of insulin resistance, which is induced by obesity and pregnancy, on a background of an impaired β cell function [4] .
Ethnicity may modify the association between body mass index (BMI) and GDM [5] . In this regard, ethnicity may have an influence stronger than that of BMI in Asian, Pacific Islanders and Latinas, while BMI may predominate over ethnic group in Caucasian and African women [5, 6] . Otherwise, the concept of overweight may not be comparable between ethnic groups. Over time, the risk of T2DM after GDM may be differentially influenced by ethnicity and by BMI.
In women with recent gestational diabetes, this study objective was to assess the relative effect of ethnicity, body mass index and GDM severity to predict an impairment of glucose tolerance at the early postpartum period. This information may be relevant for medical counselling and to schedule an adequate follow-up after delivery.
Methods
All consecutive women with singleton pregnancies diagnosed with gestational diabetes and managed at a Diabetes and Pregnancy Unit in Madrid (Spain) were eligible for this retrospective cohort study. Women who completed a postpartum 2-hour glucose tolerance test were included. Exclusion criteria were multiple pregnancies, pregestational diabetes, secondary causes of hyperglycemia (e.g. steroids treatment), maternal morbidity relevant for the analyses and ISSN: 2377-3634 incomplete data. Ethical approval to conduct this study was provided by the Hospital Ethics Committee.
A first postpartum visit was systematically scheduled for all women with GDM. The visit took place at the end of breastfeeding or three months after delivery otherwise. A total of 2,076 eligible women attended this visit at the percentage of 66.5% of initial GDM women.
Diagnosis of GDM was made after a universal screening of the population and in accordance with the National Diabetes Data Group (NDDG) criteria by a 100-g oral glucose tolerance test (OGTT). GDM was diagnosed whenever two points were above the following glucose values: 5.8mmol/l fasting glycemia, 10.6mmol/l 1h, 9.2mmol/l 2h, 8.1mmol/l 3h. Women received medical nutrition and physical activity education during pregnancy and at the postpartum visit by expert nurses. A standard GDM diet of 25-40kcal/kg/d, depending on body mass index and physical activity habit, was complied from GDM diagnosis to delivery. In absence of contraindications, women were recommended to walk at a moderate intensity for one hour daily. Women were counselled to preserve this diet quality and to stay physically active after delivery.
Glucose tolerance was evaluated postpartum by a standard 75g OGTT (fasting glycemia, 30', 1h and 2h timepoints). Serum fasting insulin levels were obtained at the first postpartum visit in 1,208 (8 Asian, 55 Latinas, 27 African and 1,118 European) women.
GDM severity was measured as the fasting venous glycemia and the area under the 100g-OGTT curve performed at GDM diagnosis. Trapezoidal method [(fasting glycemia + 2 · 1h glycemia + 2 · 2h glycemia + 3h glycemia) / 2] was used to calculate the area. Pre-pregnancy body mass index was calculated on the basis of selfreported pre-pregnancy weight and measured height. Prepregnancy BMI groups of overweight or obese (≥ 25.0kg/m 2 ) and obese (≥ 30kg/ m 2 ) were considered. The gestational weight gain was the difference between last weights measured before delivery and self-reported pre-pregnancy weight. Excess gestational weight gain was defined as suggested by the Institute of Medicine guidelines [7] for each pre-pregnancy BMI category. Postpartum body mass index at the first postpartum visit was calculated on the basis of measured body weight by a calibrated scale and the prenatal measured height that was obtained by the same Seca® stadiometer.
Serum glucose (pre and postpartum) was measured by the glucose oxidase method (Hitachi 717, Boehringer, Mannheim, Germany). Serum insulin was measured by a two-sided immunoenzimometric assay (ST AIA-pack IRI, Tosoh Bioscience, San Francisco, California, USA). Measurements were performed after an overnight fast.
Data were entered into Statistical Package for Social Sciences (SPSS Inc., Chicago, Illinois, USA) Windows 20.0 software. Differences between baseline GDM population and the sample collected in the first postpartum visit were examined for potential selection bias. For this purpose, unpaired t tests, median test and Pearson or X 2 tests were performed under valid conditions. A twosided P value < 0.05 was considered significant. Differences among ethnic groups in prepregnancy BMI, severity of GDM, postpartum BMI and abnormal glucose tolerance after delivery were evaluated by one-way ANOVA with Bonferroni post-hoc test, Fisher or X 2 tests. The effect of ethnicity, BMI and GDM severity on glucose tolerance was adjusted by multiple logistic regression analyses. Two multivariate models were constructed that included prepregnancy and postpartum categories of BMI, respectively. Associations that remained predictive of postpartum abnormal glucose metabolism were expressed as adjusted odds ratios (AOR), 95% CI.
Results
Characteristics of the ethnic groups are described in Table  1 Abnormal glucose tolerance appeared in 37.3% of all women at 3-9 months postpartum. Abnormal glucose tolerance was more frequent in non-European than in European women (56.2 vs 35.5%, P<0.001). Type 2 diabetes was diagnosed in 12.5 of Asian, Latinas or African women and in 3.5% of European women at the first postpartum evaluation (P<0.001). Comparisons of dysglycemia by ethnicity and prepregnancy BMI categories are described in Table 2 . Mean (95% CI) fasting insulin levels were 9.8 (5.4-14.1) in Asian-Pacific Islanders, 15.8 (10.1-21.6) in Latinas, 10.1 (7.6-12.6) in African and 9.2 (8.8-9.7)µU/mL (P<0.001). Insulin levels were increased in Latinas as compared to African (P=0.029) and European (P<0.001) women.
There was an effect of being overweight (AOR 1.38, 95% CI 1.12-1.71, P<0.001), obese (2.10, 1.56-2.83, P<0.001) pre-pregnancy and of non-European ethnicity (1.80, 1.2-2.7, P=0.004) on postpartum abnormal glucose in the multivariate analysis. At prenatal time, the main predictors of postpartum dysglycemia were prepregnancy obesity and GDM fasting glycemia. The effect of ethnicity disappeared when the effect of postpartum BMI (2.14, 1.61-2.84, P<0.001 of overweight, and 2.31, 1.60-3.32, P<0.001 of obesity) was added to the regression analysis. The analyses were adjusted for age, family history of diabetes, previous gestational diabetes, gestational age at GDM diagnosis and excess gestational weight gain.
Discussion
Ethnicity had an effect on abnormal glucose tolerance at the early postpartum of this cohort of women with gestational diabetes. Nevertheless, the effect of ethnicity was over passed by that of being overweight or obese at the postpartum.
An ethnic proclivity to type 2 diabetes has been documented in populations from Central and South America, North of Africa, Middle East, South Asia and Pacific Islands [8] . Within Europe, the T2DM proclivity seems to be higher in South-Mediterranean than in Central countries. In this study, prediabetes or diabetes was more frequently found in Asian-Pacific Islanders and African, followed by Latinas and European women. Of note, Asian-Pacific Islanders were a normoweight group overall, whereas the risk of abnormal glucose was high in obese rather than in overweight African women. We suggest that standard WHO definitions of overweight /obesity may underestimate risk in Asian and overestimate risk in African GDM women.
The risk of T2DM was described to be exacerbated by ethnicity in women with history of GDM in previous studies [5, 6] . GDM ranges from 10% in Asian and Pacific Islanders, followed by Latinas, to 4% among Caucasian and African American pregnant women [6] , and is diagnosed in 8.8% of Spanish women [9] . It is logical that such proclivity to abnormal glucose tolerance persists after delivery. Illustratively, impaired glucose tolerance or diabetes was found in 28% of European and in 44% of Asian-Indian post-GDM women in a previous study [10] .
The ethnicity-associated risk of postpartum dysglycemia was not explained by a higher severity of GDM or by a higher prepregnancy body mass index. Steinhart et al found that a more severe GDM (fasting glucose at diagnosis ≥106 mg/dl) was followed by an incidence of postpartum T2DM multiplied per eleven in Navajo Indian population [11] . In contrast, this excess risk was ameliorated, being multiplied per 2.4 for fasting glucose ≥105 mg/dl, in a European (German) cohort studied by Schaefer et al. [12] .
Fasting glucose and prepregnancy BMI were independent predictors of T2DM at the early postpartum period of GDM women previously studied by our group [13] . The multicentric French study DIAGEST found similar risk factors at a prolonged follow-up period [14] . These predictors were in agreement with the initially suggested by Coustan [15] . However, only glucose centred predictors were obtained in a multiethnic cohort at Malmö, Sweden [16] . Adjusted for ethnicity, a pronounced effect of fasting glucose, and not of third trimester BMI, was documented at different periods after delivery. Postpartum BMI was higher among glucose intolerant compared to normotolerant mothers in that study.
Weight retention and waist circumference are other weight related parameters that may influence the development of T2DM after GDM. Timing seems to be crucial in this sense. In a previous study, an effect of weight gain from the postpartum and of waist circumference were observed, but only after a prolonged (≥ 2 years) monitoring [17] . In the current analysis, postpartum overweight was more sensitive than gestational weight gain or waist circumference in order to detect glucose abnormalities at an early postpartum period. The probability of abnormal glucose intolerance increased with postpartum overweight or obesity, regardless ethnicity, in GDM women. A remainder is that gestational weight gain is the main determinant of postpartum weight retention [18] . Counselling against excessive gestational weight gain may decrease postpartum overweight in all ethnic groups as a consequence. Likewise, the correction of postpartum weight retention may restore the glucose metabolism impairment. A healthy diet and regular physical activity with an objective of 3-5% weight loss after delivery was accompanied by a 58% reduction of T2DM incidence in high risk women [19] . Similar lifestyle changes may have a positive effect on glucose tolerance among different ethnic groups [19, 20] .
This study had limitations. First, overweight and obesity definitions (WHO) may not be applicable in all ethnic groups. Asian women may have a risk of glucose impaired metabolism at a BMI below 25 kg/m 2 [21] . Second and main limitation is the frequent lost to follow-up of GDM women after delivery. It is estimated that only one third of GDM women receive a postpartum evaluation of glucose tolerance in developed countries [1] . In our cohort, a 33.5% of women did not attend a postpartum visit to clinics. Severe GDM (20.9 vs. 10.7%) and prepregnancy overweight or obesity (42.5 vs. 37.9%) were more frequent characteristics of non-attendant women (P value <0.050 for all comparisons). Gestational weight gain was similar between groups. Prepregnancy and postpartum BMI were highly correlated in attendant women (data not shown). If we assume that this correlation was maintained in non-attendant women, the prevalence of postpartum abnormalities is probably underestimated in these results. If we add that obese women more probably quit any physical activity or nutritional therapy program [22, 23] , the diabetes incidence over time may be further increased in women unaware of being at risk.
In conclusion, ethnicity, prepregnancy overweight/ obesity and severe gestational diabetes are predictors of abnormal glucose tolerance at the early postpartum of women with gestational diabetes. An effect of postpartum BMI is invariable in all ethnic groups. Nonetheless, women being overweight prepregnancy are more frequently lost to follow-up. The opportunity for health providers to adequately inform these at-risk women is unique during pregnancy. Changing these women perception of self-risk and planning an early postpartum glucose tolerance test are crucial to promote a healthy life in overweight mothers with gestational diabetes.
